Miniature stingless bee queens have been studied concerning frequency distribution, production and egg laying performance. This study aimed to investigate size variation in eggs laid by Plebeia remota (Holmberg) queens and whether it is due to differences in queen size or colony conditions. A sample of 10 queens (8 of typical size and 2 miniature) was measured morphometrically (head width, interorbital distance, and intertegular distance) as well the eggs they laid (length, width and volume). Initially, eggs were analyzed when laid by queens in their own colonies. Significant differences were found for length, width and volume of eggs considering the total group of queens or both queen morphotypes. However, no significant correlations were found between queen size and egg size. Afterwards, two experiments were performed to evaluate the influence of colony conditions on egg size. Firstly, we shifted the queens from their original colonies (i.e., a typical queen was placed into a miniature queen colony, and vice-versa). Secondly, they were put into another colony (both types of queens, one each time, were placed on a third colony, a 'host colony'). In all situations, both queen morphotypes laid eggs of similar or different sizes than before, often with significant differences. The results indicate that variation in egg size is due to conditions imposed to queens in the colony (e.g. queen feeding status, number of cells available to be oviposited), and not due to variation in queen body size.
Introduction
Variation in queen body size has been registered for several species of stingless bees. Dwarf or miniature queens have been described as small sized queens that may be eventually present in the nests. However, details related to proportion of occurrence and behavior when heading colonies, have been investigated practically only for Schwarziana quadripunctata (Lepeletier) and Plebeia remota (Holmberg) (Ribeiro, 2002; Ribeiro & Alves, 2001; Ribeiro et al, 2003; Wenseleers et al., 2005; Ribeiro et al, 2006a, b) . These studies reported that miniature mated queens occur naturally at a low frequency in the population and, at least for P. remota, they can be as efficient in laying eggs as typical-sized queens. Nevertheless, even when miniature queens lay the same amount of eggs as normal-sized queens, it is unknown whether the eggs of both queen morphotypes differ in size, and whether this variation is related to body size. In case the eggs produced by small queens are also small, this could result in smaller individuals, or when hatching out, the larvae would need larger amounts of food to develop into normal-sized adults. As suggested for honeybees (Henderson, 1992) , the amount of food available to the larvae is, in fact, more important to determine adult size rather than egg size. However, to date, the question remains unclear and it is not possible to determine the implications of small and large eggs to the colony.
Actually, egg size in bees has been poorly studied. In honeybees, egg size varies due to several factors: between castes, i.e. queen and workers (Woyke & Wongsiri, 1992; Woyke, 1994; Gençer & Woyke, 2006) ; according to seasons (Henderson, 1992) ; and due to changes in the metabolic process (Woyke, 1998) . In stingless bees, eggs differ in size according to the species (Velthuis & Sommeijer, 1991) , but there is little information on intra-specific variation. Eggs can also differ in morphology due to their different functions: trophic eggs (laid by workers) or reproductive eggs (laid by queens) (Koedam et al., 1996; . Variation in egg size produced by a single queen was studied only for Scaptotrigona aff. depilis Moure and S. quadripunctata (Lacerda, unpublished data; Lacerda & Simões, 2006a, b; Ribeiro et al., unpublished data) .
In this context, this study aimed (i) to investigate the size of eggs laid by queens of P. remota; (ii) to check for the relationship between the variation in egg size and queen body size, and (iii) the verify influence of the environment (colony) RESEARCH ARTICLE -BEES 1 -Universidade de São Paulo, São Paulo, SP, Brazil 2 -Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA), Petrolina, PE, Brazil on egg size variation. The hypothesis is that small queens do lay smaller eggs than normal-sized queens, similarly to that found for S. quadripunctata (Ribeiro et al., unpublished data) .
Material and Methods

Queen measurements
Ten P. remota queens of different sizes were collected with an insect aspirator, directly from colonies kept at the Bees Laboratory, University of São Paulo (USP), São Paulo. Their maximum width, average interorbital distance, and intertegular distance were measured under a stereomicroscope with a micrometer eyepiece (for details on the measuring method see Ribeiro & Alves, 2001 ). The queens were separated into two morphotypes: normal-sized (or typical) and miniature queens based on a previous study (Ribeiro et al., 2006a) . A queen was classified as miniature using the equation HEAD < 2.76 -0.378.IOD -0.416 ITEG, where HEAD: head width; IOD: interorbital distance, and ITEG: intertegular distance. Although the group of queens used in this study does not represent the total range of sizes, they were the only ones available at the laboratory when the experiments were performed, and they were classified into both morphotypes using the formula described above without any restriction.
Egg measurement: non-experimental and experimental situation
Eggs were collected from the periphery of the upper combs, in which the cells have been oviposited recently. Once the hatching of the larvae is virtually identified by the horizontal position of the egg (Sommeijer et al., 1984) , it was possible to collect eggs even without knowing exactly when the queen had laid them. In this way, we collected only eggs in the upright position, which therefore did not go through embryonic development. After opening the brood cell with a warmed entomological pin, the egg was collected using another pin, curved at the extremity. The egg was then immediately placed on aluminum foil, with a little amount of larval food, to prevent its dehydration. After that, the egg was measured under a stereomicroscope with a micrometer eyepiece, for length and width. Egg volume was then calculated considering the egg as a prolate spheroid, and using the formula: V= 4/3.π.L/2.(L/2) 2 , where V= volume, L= length and W= width of the egg.
To analyze the possible effects of colony conditions, some experiments were performed considering other situations for eggs collection. Thus, in the first situation, nonexperimental, queens were in their own colonies (Qown). In the second situation, we shifted the position of queens (Qexch), i.e., a miniature queen was placed into the colony of a typical sized queen, and vice-versa. In the third situation, queens (miniature and typical sized), one at time, were placed into a third colony, a 'host colony' (Qhost). The use of this third colony ensured that both queens (normal-sized and miniature) were subjected to the same colony conditions, which could be eventually different from their own colony, or the colony to which they were shifted to. The queen of the host colony was simultaneously placed in the colony from where the queen was removed to be tested. In order to provide time for adaptation of the queen time to a new colony, an interval of three days was allowed before a new egg collection. This method also assured that the sampled eggs were originated from the newly inserted queen and not from the former one; eggs were collected in the same way already described. In some cases, a new sample of eggs was obtained after the return of queens to their own colonies. In this way, in tables 3, 4 and 5, the numbers 1 and 2 after the code indicate the first and second times the queen was subjected to that situation. For example, Qown 2 means that the queen returned to its own colony, after a shift; Qexch 2 means the second time the queen was shifted, and so on. The table also mentions, in parentheses, in which colony the queen was at the moment of egg collection.
Statistical analysis
Statistical tests (Zar, 1999) were applied (1) to check for normality of the data (Kolmogorov-Smirnov); (2) to test the differences between the eggs laid by different queens (Kruskal-Wallis); (3) to compare the eggs laid by both morphotypes of queens (Mann-Whitney U test); and (4) to check for correlation between the queen size and the egg size (Spearman correlation). The software used to perform these tests was SPSS.
Results
Measurements of queens and eggs in own colony (Qown)
From the group of ten queens, eight were classified as normal-sized (numbered from one to eight) and two, as miniature (numbered from nine to ten). Their body measurements are presented in Table 1 .
Considering all situations, a total of 642 eggs were collected, and for each individual queen, in each situation, up to 30 eggs were collected. Because data showed no normal distribution, non-parametric tests were applied. Table 1 lists the mean values (and SD) of egg measurements (length, width and volume) in Qown 1. Significant differences were found for all variables (Kruskal-Wallis, P= 0.000, N= 275 eggs, for length, width and volume). When comparing the two sets of queens, all variables analyzed for their eggs were also significant (Mann-Whitney, P= 0.000, N= 275 eggs, for length, width and volume).
Queen body size (head width, interorbital distance and intertegular distance) presented negative non-significant correlations with all variables of eggs (egg length, egg width and egg volume; Table 2 ).
On the other hand, when we included Qown2 in the analysis of all queens (i.e. Qown1 + Qown2), significant differences were also found for all variables (Kruskal-Wallis, P= 0.000, N= 275 eggs, for length, width and volume). This was not observed when the queens were compared between morphotypes, for egg length and volume (Mann-Whitney, P= 0.427, P= 0.517, respectively, N= 365 eggs). The differences for egg width were significant (Mann-Whitney, P= 0.050, N= 365 eggs).
Measurements of queens and eggs in another colony (Qexch)
The results found for egg measurements under Qexch situations (1 and 2), including Qhost and Qown (situations 1 and 2), as well as the P values for the statistical tests are shown in Tables 3, 4 and 5. When queens were interchanged between colonies (Qexch 1 and Qexch 2), eggs presented significant differences (Kruskal-Wallis, P= 0.000, for all variables, N= 277 eggs). When both morphotypes were compared, differences were significant only for egg volume (Mann-Whitney, P= 0.879, P= 0.134, and P= 0.000, respectively for length, width and volume, N= 277 eggs).
It is remarkable that the lowest and highest mean values of egg length were presented by a miniature queen (number 10), respectively, 1.16 mm and 1.29 mm. In relation to egg width, the lowest mean value (0.43 mm) was once again presented by the queen 10, but the highest (0.52 mm) was exhibited by a normal-sized queen (number 5). With respect to egg volume, the lowest mean value was found for the queen 10 (1.04 mm 3 ) and the highest by the queen 5 (1.35 mm 3 ; Tables 2, 3 and 4). Fig. 1 illustrates the changes observed in egg volume for the queens subjected to more than two different experimental situations. Two normal-sized queens (numbers 2 and 5) laid smaller eggs after the shift, while the others (one normal-sized: 1, and both miniatures: 9 and 10) laid larger eggs after the shift. When they returned to their own colonies, Table 1 . Morphometric measures of body and eggs (averages + SD) fromnormal and miniature queens of Plebeia remota in their own colonies, in the first analyzed situation (Qown 1). (N = number of eggs). queens 1 (normal-sized) and 10 (miniature) laid smaller eggs again, but the queen 10 (the smallest queen) laid even larger eggs. After Qexch2, all queens laid similar or smaller eggs than in the previous situation. Regarding the third situation (Qhost: colonies 2 and 5), queens of both morphotypes showed similar performance (Table  5) . Thus, no significant differences were detected between the eggs from normal-sized (1 and 3) and miniature queens (9 and 10), when considered both morphotypes for egg length and width, but not for egg volume (Mann-Whitney, P= 0.147, P= 0.306, and P= 0,004, respectively, N= 113 eggs). When queens were considered in pairs, i.e., queens 1 and 9 in host colony 2, the results were similar (Mann-Whitney, P= 0.658, P= 0.366, P= 0.000, respectively for length and width, and volume, N= 60 eggs). However, when queens 3 and 10 in the host colony 5 were compared, no differences were significant for all analyzed variables (Mann-Whitney, P= 0.056 and P= 0.160, and P= 0.601, respectively for length, width, and volume N= 53 eggs).
Discussion
The results for the situation in which the queens remained in their own colonies (Qown1) could suggest that normalsized queens lay larger eggs than miniature queens (Table 1) . However, analyzing in detail the results of queens in other colonies (especially Qhost, Table 5 ; Fig 1) , it was verified that sometimes miniature queens are able to lay larger eggs than normal-sized queens. In fact, queens of different sizes laid, in all situations analyzed (i.e., in Qown 1 and 2, Qexch 1 and 2, or Qhost), eggs of similar sizes, smaller or larger than before, and often these differences were significant (Tables 3, 4 and 5; Fig. 1 ). Moreover, non-significant correlations between body size and egg size evidenced that the variation in egg size is not due to differences in the queen size. Likewise, in different honeybee species, Woyke et al. (2003) found no relationship between eggs' size among queens of different species and sizes. Table 3 . Comparisons of morphometric measures (averages + SD) obtained for eggs laid by the different normal-sizedqueens of Plebeia remota in their colonies and other colonies. The number after Qown or Qexch refers to the situation, i.e., the first or second time the queen was in that situation. (Legend: Qown = Queen in own colony; Qexch = Queen exchanged, in another colony; N = number of eggs; col. = colony). Thus, our results indicate that it is not the size of the queens that influences the size of the eggs, but rather the conditions imposed to the queens. Probably the condition of each colony was different and influenced the egg size, whether positively (larger eggs) or negatively (smaller eggs). On the other hand, when queens laid similar-sized eggs in both situations, all the colonies probably provided similar conditions.
A possible explanation for the differences in egg size is the development of the embryos. Thus, changes in egg size would imply in embryonic development. The exact moment of egg laying by the queen was not observed in this work. Nevertheless, eggs were always collected in very new combs, i.e., with cells recently operculated and, therefore, the possibility of collecting eggs at an advanced stage of development is excluded. Moreover, as already mentioned, when eggs hatch they did not stay in a vertical position, but lay down on the larval food and only eggs in vertical position were collected.
Egg size variation may be caused by nutritional conditions to which queens were exposed. Therefore, in colonies with abundant food reserve, queens probably received more food, and could produce larger eggs. Simultaneously, queens placed in colonies with fewer reserves, and supposedly lower food intake, would produce smaller eggs. Opposite results, however, were found for S. aff. depilis (Lacerda, unpublished data; Lacerda & Simões, 2006b ). Queens of this species in 'weak' colonies produced larger eggs than in 'strong' ones. However, the authors suggested that these eggs were haploid eggs, which are larger than diploid eggs. In P. remota, most haploid eggs are produced by the queen (Tóth et al., 2002) .
Nevertheless, the variation in egg size found herein was not due to male production, since adult males were not registered in the studied colonies after the experimental period.
So, if the variation in egg size is associated to queen feeding status, this would be imposed by colony condition, and in some way, by the workers. Queens get food through three different ways: by eating larval food from the open cell just before laying the egg, by eating trophic eggs laid by the workers or by trophallaxis with workers. This food ingestion could be important for the production and development of eggs inside the queen ovarioles. In this way, the workers, besides controlling the number of cells available for egg laying (Ribeiro, 2002) , indirectly are also responsible for the size of the eggs laid by queens.
On the other hand, as suggested by J. Woyke (personal communication, March 8, 2008 ) egg size may still be related to the cell production rate of the colony. Analyzing the relationship between the number of cells available for oviposition in each colony with egg size, negative correlations were recorded for egg length and width (Spearman, rho= -0.040, rho= -0.144, respectively, P= 0.01, N= 642 eggs). The longer the queen had to wait to lay eggs, the larger these eggs could become, probably by accumulation of vitellogenin. Certainly, before the end of egg development, during vitellogenesis, a deposit of vitello can be established thus increasing egg volume up to the moment of ovulation (i.e. the expulsion of the egg through the oviducts) (Cruz-Landim, 2009 ). In this work, when the queen was transferred to a smaller colony, this would result in a delay in the oviposition and consequently could result in Table 5 . Comparisons of morphometric measures (averages + SD) obtained for eggs laid by the different queens of Plebeia remota in their colonies and other colonies. The number after Qown or Qexch refers to the situation, i.e., the first or second time the queen was in that situation. (Legend: Qown = Queen in own colony; Qexch = Queen exchanged, in another colony; Qhost= Queen in host colony; N = number of eggs; col. = colony). an increased size of the eggs ready to be laid. In an opposite situation, one could expect a contrary result. Therefore, the results of the present study indicate that egg size is influenced by colony conditions (and consequently, food supply for the queens and/or rate of cell construction) imposed to the queen, rather than by body size.
